The transjugular intrahepatic portosystemic shunt (TIPS) procedure has recently been introduced for the management of complications of portal hypertension, 1 namely, control of refractory acute variceal hemorrhage, 2 prevention of recurrent variceal bleeding, 3 and treatment of intractable ascites. 4 Currently, it is not known whether TIPS has any effect on survival in these patients, nor are the factors associated with poor survival known. It is well recognized that the need for an emergency TIPS, that is, TIPS being performed for the control of acute variceal hemorrhage, is associated with a high mortality. 5, 6 Some factors predictive of poor survival after elective TIPS, such as advanced liver disease 3, 4, 7, 8 and hyperbilirubinemia, 9 have been recognized. However, there has been no model developed that can accurately predict survival after elective TIPS.
Traditionally, Pugh' s modification of the Child-Turcotte classification (referred to as the Child-Pugh classification) has been used to assess risk in patients undergoing portosystemic shunt surgery. 10 This system has three inherent problems when applied to patients undergoing TIPS. First, most TIPS candidates are of class C. Thus, the system cannot discriminate among the majority of patients undergoing TIPS. Second, it only divides patients into poor, intermediate, and low risk without quantifying an expected period of survival; for example, it cannot be used to predict which patient will die within a certain period of time and which patient will survive that period. Finally, it uses determinants such as ascites and encephalopathy, which are based on subjective assessment and which can be altered by therapy. The several difficulties and inaccuracies in applying the Child' s classification have been detailed in an editorial by Conn. 11 Thus, a score more accurate than the Child-Pugh classification and based on objective data is necessary to determine survival in patients undergoing TIPS.
Patients with refractory variceal hemorrhage or refractory ascites are often candidates for liver transplantation. TIPS might best serve as a bridge to liver transplantation; but, timely liver transplantation is not often available. Because the cost of TIPS is not insignificant, a system is needed that can accurately predict survival following the procedure. Patients in whom survival is expected to be in days or weeks (rather than in months or years) should arguably have TIPS only if they are candidates for liver transplantation. Using the statistical methods that have been successful in predicting the survival of patients with primary biliary cirrhosis 12 and primary sclerosing cholangitis, 13 we developed two methods for predicting survival after TIPS. The first method requires at least a programmable calculator, whereas the second method, which uses a nomogram and requires only a ruler and a pencil, predicts which patients are likely to die within 3 months after elective TIPS. We chose a period of 3 months because beyond that period factors, such as stenosis of the shunt and possible variceal rebleeding as a consequence, would compound the analysis. Further, average waiting times on a list for liver transplantation as a UNOS Status 2 are approximately 3 months. 14 Our model was developed to help physicians counsel patients and their families before deciding to proceed with elective TIPS.
PATIENTS AND METHODS
Patient Population, Follow-Up, and Data Collection. We followed 231 consecutive patients with cirrhosis but without hepatocellular carcinoma who underwent elective TIPS from September, 1991 through March, 1995 at Deaconess Hospital (Boston, MA), Hennepin County Medical Center (Minneapolis, MN), Mayo Clinic (Rochester, MN), and the University of Minnesota Hospital and Clinic (Minneapolis, MN). Patients with significant cardiopulmonary comorbidity or intrinsic renal disease were excluded from the analysis. Elective was defined as TIPS being performed for the prevention of variceal rebleeding or for treatment of refractory ascites with the patient being hemodynamically stable, without active infection, adequately hydrated, and with the hemoglobin being stable at least 48 hours. Patients in whom TIPS was performed for the control of active variceal bleeding after failure of two sessions of endoscopic therapy within a 24-hour period were designated emergency TIPS and excluded from the analysis. Refractory ascites was defined as ascites that required for control paracentesis more frequently than every 2 weeks despite a sodium-restricted diet and intensive diuretic therapy, consistent with the consensus statement. 15 Of the 231 patients undergoing elective TIPS, 58 (25%) had the procedure for treatment of refractory ascites, and 173 (75%) had TIPS for prevention of recurrent variceal bleeding. Among the 58 patients with refractory ascites, 24 fulfilled criteria for ''diuretic resistant'' ascites and 34 for ''diuretic intractable'' ascites. 15 The 231 patients were followed from their date of TIPS until death, liver transplantation, or study closure (August, 1995). During follow-up, 110 died and 28 underwent liver transplantation, 7 of these liver transplants taking place within 3 months of TIPS. Deaths in the 110 were related to complications of liver disease. The follow-up of the 28 who underwent TIPS and later orthotopic liver transplantation (OLT) was censored at the day of transplantation; that is, it was assumed that the OLT date was their last day of follow-up. This censoring was done to remove the effect of OLT when modeling the survival of patients who undergo TIPS. If these patients were not censored, deaths due to surgical mortality related to OLT might have influenced the selection of variables that are prognostic for the TIPS procedure. On the other hand, OLT may prolong survival compared with patients who do not undergo TIPS. We found predictably that survival in patients who underwent OLT was significantly improved compared with those who did not undergo OLT. Thus, patients were censored at the day of OLT. Of the remainder, 72 were still alive and being followed and 21 were lost to follow-up. Eighteen of these 21 patients had less than 3 months' follow-up. The average duration of follow-up was 1.1 years (range, 0.1 to 3.8 years) ( Table 1) . We studied factors predicting survival after all elective TIPS and separately for prevention of variceal rebleeding and for treatment of refractory ascites. Table 2 presents descriptive statistics on patient features that were recorded within 24 hours of the TIPS procedure. Ascites was present in 80% of the patients and graded as indicated in Table 2 . Large volume paracentesis was performed and spontaneous bacterial peritonitis was excluded before TIPS. Some degree of hepatic encephalopathy was observed in 60% and staged using standard criteria. 16 Prothrombin time in seconds was converted to international normalized ratio (INR) using the international sensitivity index (ISI) for thromboplastin. 17 The Child-Pugh mean score was 9.8 Ϯ 2.1 with about 56% of the patients being Child-Pugh class C. Portacaval pressure gradient, measured both before and after the placement of the shunt, was reduced by an average of 12.4 Ϯ 6.3 mm Hg to a mean of 11.2 Ϯ 4.5 mm Hg post-TIPS.
The model was validated by applying it to an independent set of 71 patients who underwent TIPS at Rotterdam, the Netherlands from January 1, 1992 to December 31, 1997. These patients were followed, on average, for 1.4 years (range, 0.1 to 5.8 years) during which 33 died, 14 within 3 months. No patient underwent OLT or was lost to follow-up within 3 months of TIPS. The cause of liver disease was alcohol related or cholestatic (50%) or viral hepatitis (20%) with the remaining 30% having other types of liver disease. The mean Ϯ SD levels of bilirubin, creatinine, and INR were 2.7 Ϯ 4.6 mg/dL, 1.3 Ϯ 4.5 mg/dL, and 1.4 Ϯ 0.6, respectively.
Survival Modeling. The starting time for all survival analyses was the date of the TIPS procedure. Patients lost to follow-up were censored at the date they were last known to be alive. The term ''censored'' indicates that the patient was alive at that date and that was the extent of follow-up. Cox proportional-hazards regression 18 was the main statistical tool for survival modeling. Model estimation was done by computer with the PHREG procedure of SAS 19 and the coxph function of S-plus. 20 To pick a small set of variables that adequately predicted survival, we used the backwards elimination variable selection method with criteria for retaining variables in the model being P Ͻ .01. The candidate variables were those factors shown in Table 2 that were significant (P Ͻ .05) in a univariate Cox model. To lessen the influence of extreme laboratory values we transformed the quantitative variables to their natural logarithms. Based on the data shown in Fig. 1 , the cause of cirrhosis was coded: 0 for alcohol related; 0 for cholestatic liver disease; 1 for viral hepatitis; and 1 for ''other liver diseases.'' The diseases grouped together as ''other liver disease'' have been so grouped because their survival was similar to patients with viral hepatitis who are coded as 1. The basis for this grouping is more apparent from the univariate analysis in the Results section.
Because of variation in timing of the TIPS procedure, 50 patients did not have one of these parameters-albumin, prothrombin time, level of hepatic encephalopathy, or ascites-recorded within 24 hours of placement of the shunt. These missing values were imputed for survival modeling. We used bilirubin and creatinine, which were recorded for all patients, in a linear regression model to predict the missing values.
Creation of a Nomogram to Predict Mortality Within Three Months.
Seventy of the 231 patients (46 of 173 with variceal bleeding and 24 of 58 with intractable ascites) died of liver failure within 3 months. Using the independent predictors of survival that were identified in the multivariate survival modeling, we used logistic regression to predict the probability of death within 3 months of TIPS. For this analysis, deaths from liver disease within 3 months of TIPS were recorded as events. Patients who survived longer than 3 months were recorded as nonevents. Patients who had less than 3 months of follow-up (n ϭ 18) or who underwent OLT within 3 months of TIPS (n ϭ 7) were dropped from the analysis. Based on the logistic regression model, we developed a simple pocket chart FIG. 1. Comparison of actual (Kaplan-Meier) survival after elective TIPS for patients with cholestatic, alcoholic, viral hepatitis, or ''other'' types of liver disease. The survival of patients with alcoholic or cholestatic liver disease was similar (P ϭ .92). The survival of patients with viral hepatitis or ''other'' types of liver disease was similar (P ϭ .78). The difference in survival between alcohol-related and cholestatic liver disease on one hand, and viral and ''other liver disease'' on the other was statistically significant (P ϭ .02).
that can be used bedside to predict a patient' s chance of dying within 3 months of placement of TIPS as shown in Fig. 2A and B .
Model Validation. The 71 independent patients from the Netherlands were stratified into 2 risk (R) groups: R Ͼ 1.8 and R Յ 1.8. These were the risk scores that stratified patients in the 231 model development group into those with a median survival less than 3 months (R Ͼ 1.8) and those with a median survival greater than 3 months (R Ͻ 1.8). Within each risk group the actual survival was calculated using the Kaplan-Meier procedure 21 and the predicted survivals were compared using the one sample long rank test. 22 P Ͻ .05 was used to indicate significant differences between observed and predicted survival. To validate the nomograms, we compared the actual death rates with the predicted death rates. Further, we calculated standard indices of validity such as sensitivity, specificity, positive predictive value, negative predictive value, and area under the receiver operating curve.
RESULTS
Univariate Analyses. The 231 elective TIPS patients had a median survival time of 1.4 years. The 6-month, 1-year, and 2-year survival rates were 62%, 56%, and 46%, respectively. Figure 1 indicates that patients with alcohol-related or cholestatic liver disease have similar survival rates (P ϭ .92). Also, patients with viral hepatitis and patients with nonviral, non-alcohol-related, noncholestatic liver disease (termed ''other liver disease'') have similar survival rates (P ϭ .78).
Patients with non-alcohol-related or noncholestatic types of liver disease (such as viral hepatitis) or ''other liver disease'' have a 64% (P ϭ .02) greater risk of dying after TIPS compared with alcoholic or cholestatic patients. Table 3 reports that patients who undergo elective TIPS for the treatment of refractory ascites have a 66% (P ϭ .01) greater chance of dying after TIPS compared with patients who undergo TIPS for preventing variceal bleeding. Similarly, increasing levels of ascites, hepatic encephalopathy, ChildPugh class and Child-Pugh score, bilirubin, creatinine, and INR significantly increased the risk of death, whereas increasing levels of serum albumin indicated significantly better survival. Neither the portacaval pressure gradient nor direction of portal blood flow pre-TIPS were associated with survival after TIPS.
Multivariate Analyses. Of the candidate variables derived from univariate analyses only log e creatinine, log e bilirubin, log e INR, and cause of cirrhosis were independently predictive of survival after TIPS (Table 4) . These variables were predictive of survival whether the patient underwent TIPS for prevention of recurrent bleeding or for treatment of refractory ascites; that is, refractory ascites was not an independent variable in the multivariate analysis. A 100% increase in creatinine multiplies the risk of death by 1.94 times; a 100% increase in bilirubin multiplies risk of death by 1.30 times; and a 100% increase in INR more than doubles (2.17) the risk of death. The presence of viral hepatitis or ''other liver disease'' increases the risk of death by 90%. Table 5 presents the underlying survival function, that is, the survival after TIPS of a patient with a risk score of 1.127 (mean risk score of the 231 patients).
Calculating the TIPS Risk Score and Predicted Survival Probabilities. Risk scores (R) for individual patients can be calculated by combining their 4 prognostic values with the regression coefficients reported in Table 4 . That is, R ϭ 0.957 ϫ log e (creatinine mg/dL) ϩ 0.378 ϫ log e (bilirubin mg/dL) ϩ 1.120 ϫ log e (INR) ϩ 0.643 ϫ (cause of cirrhosis). For example, for a hypothetical patient with cirrhosis caused by hepatitis C virus who has a serum creatinine concentration of 1.9 mg/dL, a serum bilirubin concentration of 4.2 mg/dL, and an INR value of 1.2, the risk score would be as follows: R ϭ (0.957 ϫ log e 1.9) ϩ (0.378 ϫ log e 4.2) ϩ (1.120 ϫ log e 1.2) ϩ (0.643 ϫ 1) ϭ 2.003.
To obtain the probability of survival for at least t years after TIPS, one calculates the risk score R, reads S 0 (t) from Table 5 , and computes S(t) using the equation S(t) ϭ S 0 (t) exp(R Ϫ R 0 ) . R 0 is the risk score of the average patient in the series; namely 1.127. For example, for the hypothetical hepatitis C patient discussed above, the probability of surviving at least 3 months after TIPS is 0.707 exp(2.003 Ϫ 1.127) ϭ 0.44.
FIG. 2.
Nomogram for predicting the probability of death within 3 months of placement of TIPS stent for patients with cirrhosis due to alcoholic or cholestatic liver disease (A) and for patients with cirrhosis due to non-alcohol-related or noncholestatic liver disease, such as viral hepatitis (B). To use the nomogram the actual values of bilirubin (mg/dL), INR for prothrombin time, and creatinine (mg/dL) are plotted. Connect the bilirubin to the INR and extend the line to the middle scale. The point on the middle scale is connected to creatinine and the line extended to the predicted probability scale. The predicted probability of death within 3 months of placement of TIPS is read off this scale. *Internal normalized ratio for prothrombin time.
Predicting Three-Month Survival Using the Nomogram. Figure 2 can be used at the bedside to predict the likelihood of dying within 3 months after placement of TIPS. There is a separate nomogram for alcohol-related liver disease and cholestatic liver disease, and for viral hepatitis and other liver diseases. To use the nomograms, the actual values of bilirubin (mg/ dL), INR for prothrombin time, and creatinine (mg/dL) are first plotted. Logarithmic transformation of the variables should not be performed. Second, bilirubin should be connected to INR and the line extended to the middle scale. Third, the middle scale point is connected to creatinine, and the line extended to the predicted probability scale. The predicted probability of death within 3 months of placement of TIPS is thus read off the scale.
Model Validation and Stability. Figure 3 depicts the Kaplan Meier survival and the expected survival for the high risk (R Ͼ 1.8) and low risk (R Ͻ 1.8) group from the Netherlands. Median survival was 2.8 months and 1.3 years, respectively. The P values from the one sample log rank test were not significant, indicating that deaths expected from our Mayo model and deaths observed in the Netherlands group were similar in each group (P ϭ .41 and P ϭ .88, respectively). Thus, the Mayo model very accurately predicted survival among the group from the Netherlands.
The nomograms represent a continuum of risk for TIPS rather than a specific cutoff point. In the US cohort, the area under the curve for the receiver operating characteristics was 85%, 95% confidence interval 78% to 91%. An area under the curve greater than 50% suggests the model has utility. Table 6 shows the utility of the model. For example, in the US group where we predicted mortality of 0% to 20%, 9% of patients died, whereas in the group with a 3-month predicted mortality of 80% to 100%, 93% died. Using a cutoff of a predicted probability of death of 0.25 within 3 months, the sensitivity of the model was 77%, specificity 79%, positive predictive value 63%, and negative predictive value 88%. In the cohort from The Netherlands, using a cutoff of 0.25, the sensitivity was 43%, specificity 82%, positive predictive value 38%, and negative predictive value 85%.
Comparison Between the Mayo Model and the Child-Pugh Classification/Score. Increasing levels of Child-Pugh classification and Child-Pugh score were associated with an increased risk of death by univariate analysis. However, on multivariate analysis, neither the Child-Pugh classification nor Child-Pugh score could accurately predict survival. This was especially so in patients with Child-Pugh class B with impaired renal function. In support of this, there were 12 patients with a Child-Pugh score of 8 or 9 with creatinine greater than 1.6 in whom the Mayo model predicted a survival of less than 3 months-9 of these 12 patients died within that period, 3 of procedure-related complications leading to liver failure. Procedure-related intra-abdominal bleeding occurred in 2 patients, whereas the third in whom TIPS was performed for refractory ascites had pulmonary edema and subsequently The P values reflect the role of chance in these findings (that is, the test that the regression coefficient ϭ 0). The relative risk attributable to a risk factor can be estimated from the regression coefficients. For example, in this study, every unit increase in the Child-Pugh score increases the risk of death after TIPS by 32% (e 0.28 ).
*Cause of cirrhosis coded 0 for alcohol-related liver disease; 0 for cholestatic liver disease; 1 for viral hepatitis; and 1 for Wilson' s disease, Budd-Chiari, methotrexate, non-alcohol-related steatohepatitis, ␣ 1 -antitrypsin efficiency, autoimmune, or cryptogenic.
†Coded: 0 ϭ none to 3 ϭ tense ascites. ‡Coded: 0 ϭ stage 0 to 4 ϭ stage IV. Table 4 for Patients Undergoing Elective TIPS S o (t) gives the estimated survival probability for an average patient undergoing elective TIPS. The average patient has a risk score of 1.127. To calculate the survival of a given patient, use the equation S (t) ϭ S o (t) exp(rϪ1.127) . R is calculated from the model given in Table 4. liver failure. On the other hand, there were 63 patients with a Child-Pugh score greater than 10 with normal renal function. The high Child-Pugh score would suggest a poor outcome; however, our model correctly predicted survival longer than 3 months in 52 of these 63 patients.
DISCUSSION
TIPS functions in effect like a side-to-side portocaval shunt and promptly reduces portal pressure. The decrease in hepatic sinusoidal pressure decreases the risk of variceal bleeding as well as the formation of ascites. However, by diverting portal blood flow, TIPS may worsen liver function as well as increase the risk of hepatic encephalopathy in these patients. Some patients do well after TIPS whereas others fair poorly and their survival might, in fact, be reduced. Thus, it is important to be able to predict the patient who is most likely to benefit from TIPS. In those patients in whom predicted survival can be counted in days (or weeks), the procedure might be best performed only as a bridge to liver transplantation. In this study, we have shown that a model using creatinine, bilirubin, INR for prothrombin time, and the cause of liver disease may accurately predict patients who have a median survival of 3 months after the elective procedure (R Ͼ 1.8). This model was developed using a heterogeneous group of patients, from geographically diverse areas of the United States and accurately predicted survival in an independent group of patients from The Netherlands.
The Child-Pugh classification, 10 used to stratify patients, is based on arbitrary criteria and does not quantify a patient' s expected survival. The Child-Pugh classification is easy to calculate and can differentiate between patients with poor liver function and preserved liver function. It is not as useful when applied to patients undergoing TIPS as the majority of patients are of Child-Pugh class C, and the classification does not discriminate within class C. Also, the Child-Pugh classification uses serum bilirubin, albumin, prothrombin time, presence of ascites, and encephalopathy. Bilirubin and prothrombin time measured within 24 hours of TIPS may accurately reflect underlying liver function, but albumin, ascites, and encephalopathy are subject to medical intervention. Moreover, the Child-Pugh classification treats all patients with a bilirubin greater than 3 mg/dL (10 mg/dL if they are cholestatic), or prothrombin time greater than 6 seconds prolonged, or albumin less than 2.8 g the same. Clearly, the prognosis of a patient of cirrhosis with a bilirubin of 4 mg/dL is better than that of a patient with a bilirubin of 20 mg/dL, but the Child-Pugh classification does not recognize this. Albumin tends to be low immediately after a bleed and after red cell transfusions. Further, there are difficulties as well as considerable observer variation in scoring ascites and encephalopathy. 11 During vigorous fluid resuscitation, ascites can become more prominent. Encephalopathy is also more common after a bleed but can respond promptly to treatment such as lactulose. 23 Moreover, ascites and encephalopathy rely heavily on physical examination for diagnosis. Consequently, within the span of 24 hours, a patient' s Child-Pugh classification can change by one class depending on how carefully the patient is examined. 11 Another difficulty is that the ChildPugh classification uses prothrombin time in seconds. With the use of the INR for prothrombin time and the reporting of results using an INR, 17 the scoring becomes more difficult. Both the prothrombin time in seconds as well as the prothrombin index expressed as a percentage of control vary depending on the sensitivity of the thromboplastin used. If a hypothetical patient at the Mayo Clinic (where the control for the prothrombin time is 10 seconds and the ISI of thromboplastin 1.0) had a prothrombin time of 15 seconds, that same patient at the Boston center (where the control is 12 seconds   FIG. 3 . Survival of 71 independent TIPS patients from the Netherlands who were stratified according to their risk score into two risk groups, namely a high risk group with a median survival less than 3 months (R Ͼ 1.8) and a low risk group with a median predicted survival more than 3 months (R Ͻ 1.8). Actual (Kaplan-Meier) and expected survival using the Mayo model were compared using the one sample log rank test. For the low-and high-risk patients, the observed and expected survival were similar (P ϭ .88 and P ϭ .41, respectively). *Predicted mortality based on logistic regression model as presented in Fig. 3 .
HEPATOLOGY Vol. 31, No. 4, 2000 and the ISI 2.5) would have a prothrombin time of 14 seconds. The same patient under identical circumstances would get a score of 2 for the prothrombin time at Mayo under the Child-Pugh score, but only 1 in Boston. Finally, in our study we have shown that neither the Child-Pugh class nor the Child-Pugh score can predict survival after TIPS as accurately as the risk factors used in the Mayo model, especially in patients with impaired renal function.
Our model uses bilirubin, creatinine, and INR for prothrombin time, which are objective and tend to be stable. Bilirubin is the most robust of the variables in the Child-Pugh classification. We also used total bilirubin, which derives from both hemolytic factors as well as hepatocellular function and biliary excretion. It is known that hemolysis, which increases unconjugated bilirubin, is a poor prognostic factor in patients with alcohol-related liver disease. 24 Moreover, bilirubin is probably the closest of the liver function tests to a true test of liver function. 11 Renal dysfunction carries a poor prognosis in patients with chronic liver disease, 15, 25, 26 and in agreement with our findings, other studies have noted the association of elevated creatinine with poor survival in patients undergoing TIPS. 4 It is notable that for patients with end-stage liver disease not undergoing TIPS, other reports have shown that prolonged prothrombin time and elevated creatinine were associated with a higher risk of dying. 25 The Child-Pugh classification has the drawback that it does not use creatinine, which is an important determinant of survival.
The cause of the liver disease is the fourth prognostic variable in our model, a feature that the Child-Pugh classification lacks. From our data, it was not possible to come up with a single model for all liver diseases. Difficulties arise when a patient has a combination of two or more causes for the liver disease, such as alcohol abuse and hepatitis C. For the purposes of our model, the more likely cause of the liver disease was used. For instance, a patient with alcohol abuse and hepatitis C is presumed to have the cause of liver disease to be hepatitis C and a score of 1 should be used. The improved outcome of patients with cholestatic or alcoholrelated liver disease compared with those with other diseases such as viral hepatitis might suggest either that viral hepatitis has a more rapidly progressive course, or that patients with viral hepatitis have more impaired hepatocellular function and thus are less tolerant to portosystemic shunting. An obvious explanation in patients with alcohol-related liver disease might be abstinence from alcohol following the procedure, thus, accounting for improvement in liver function and survival. We could not accurately assess the period of abstinence before TIPS in these patients.
Although the 58 patients in the study who had intractable ascites as the indication for placement of TIPS had an increased risk of death, refractory ascites was not an independent risk factor for survival. We noted that our model did not significantly change when the variceal bleed patients and refractory ascites patients were studied separately. That is, the interaction of the risk factors and the group variable did not significantly improve the model (P ϭ .199). This suggests that TIPS, whether performed for ascites or for variceal bleeds, has the same determinants of outcome; namely, creatinine, bilirubin, INR, and cause of liver disease. In accordance with this report, a recently published study on the outcome of ascites after TIPS found the survival to be shorter in those patients who had a creatinine level of greater than 1.8 mg/dL and a bilirubin level of greater than 1.3 mg/dL. 4 The hypothesis that patients in whom partial blood flow is maintained after portosystemic shunts have a better outcome has intuitive appeal. 27 However, we found determinants of portal hypertension; namely, direction of blood flow (hepatopetal vs. hepatofugal), initial portocaval pressure gradient, post-TIPS portacaval pressure gradient, and decrease in the portacaval pressure gradient postshunt had no effect on survival. Although surprising, these data are consistent with findings from other studies. 9 Patients in whom liver transplantation was performed were ''censored'' at the date of transplantation; that is, the date of transplantation was considered the last date of follow-up. This is because we believe that survival after transplant is likely to be related to factors other than placement of TIPS. This hypothesis would need to be tested in a large group of patients with TIPS who have undergone OLT. Short-term studies, however, show no benefit of TIPS on operative mortality or blood transfusion requirements over patients who have not previously undergone TIPS. 28 An ideal survival model should use commonly available determinants, be easily calculated, and be widely applicable to a geographically diverse patient. We studied patients from four centers in the United States having a wide range of age (18-81 years), of bilirubin (0.4-27.9 mg/dL), and creatinine (0.4-9.4 mg/dL). The model was validated in an independent set of patients from a different continent. Moreover, a nomogram that can be used at the bedside and does not require either a calculator or computer skills can predict those patients not likely to survive 3 months post-TIPS, both in the United States, as well as in the Netherlands. Such patients with poor survival may die before they receive a liver transplant. Our model can be applied to predict longer survival too-patients with a risk score R ϭ 1.5 have a median survival of 6 months and patients with R ϭ 1.3 have a median survival of 12 months. The model is likely to lose its accuracy the longer a patient is followed, because other factors such as development of shunt stenosis, or a hepatocellular carcinoma may negatively impact survival. Our fourvariable model could be used for predicting the survival of TIPS candidates and determining candidacy for liver transplantation. The model uses easily determined and objective variables. The utility of this model in predicting survival in patients with chronic liver disease not undergoing a TIPS procedure is presently being studied. However, before the model can be widely accepted it will need to be validated by other investigators in independent groups of patients undergoing TIPS. Although continued refinement and improvement in the model is anticipated by the authors, its present form may be useful in assisting clinicians in the selection and timing of TIPS. We recommend that it be used to counsel patients and their families before carrying out TIPS.
